In addition to its contributing role in the development of chronic liver diseases, chronic hepatitis C virus (HCV) infection is associated with extrahepatic manifestations, particularly, cutaneous-based disorders including those with pruritus as a symptom. Pruritus is frequently associated with the development of chronic liver diseases such as cholestasis and chronic viral infection, and the accumulation of bile acids in patients' sera and tissues as a consequence of liver damage is considered the main cause of pruritus. In addition to their role in dietary lipid absorption, bile acids can trigger the activation of specific receptors, such as the G protein-coupled bile acid receptor (GPBA/ TGR5). These types of receptors are known to play a crucial role in the modulation of the systemic actions of bile acids. TGR5 expression in primary sensory neurons triggers the activation of the transient receptor potential vanilloid 1 (TRPV1) leading to the induction of pruritus by an unknown mechanism. Although the pathologic phenomenon of pruritus is common, there is no uniformly effective therapy available. Understanding 
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INTRODUCTION
In addition to hepatic damage, chronic hepatitis C virus (HCV) infection is associated with the development of extrahepatic manifestations, particularly, cutaneousbased disorders including pruritus [1, 2] . The occurrence of pruritus is associated with skin disorders (e.g., atopic dermatitis and psoriasis) as well as chronic liver disease [3, 4] . Pruritus is a the common dermatologic manifestations that is recognized as an early sign of chronic HCV infection [5, 6] , particularly infections associated with the development of cholestasis [7] .
Hepatic disorders such as cholestasis can impair the bile flow from the liver to the duodenum. Consequently, the accumulation of bile acids and bilirubin in patients' plasma and tissues can result in the development of pruritus, which is recognized as a common pathological phenomenon in patients with jaundice [8] . Thus, pruritus in patients with chronic liver disease, particularly those associated with chronic HCV infection, is thought to be a consequence of the molecular action of bile salts. In cholestatic HCV patients, the activation of signaling pathways mediating the occurrence of pruritus is attributed to the toxic compound of the accumulated bile salts both in patient sera and tissues. In addition to its occurrence in patients with chronic viral hepatitis infection, pruritus has also been recognized as a common adverse effect of the treatment of viral hepatitis [9] . Thus, the induction of pruritus in patients with chronic HCV infection is not only the consequences of the infection, but also result from the treatment [10] . Bile salts are known as potent signaling molecules in gastrointestinal organs including liver, bile ducts, and intestine [11] . The accumulation of the toxic bile compounds is thought to trigger the activation of signaling pathways mediating the induction of chronic liver disease-associated symptoms including pruritus. This review focuses on the etiopathogenesis and treatment strategies of pruritus associated with chronic HCV infection.
MECHANISMS OF HCV INFECTION AND

TREATMENT-ASSOCIATED PRURITUS
Pruritus in HCV infected patients may be the results of HCV-induced mechanisms, particularly those associated with the induction of cholestasis as well as those associated with the alteration of chemokine and cytokines profile in patients with chronic HCV infection. HCV-associated cholestasis is well described in different reports on liver transplantation. Its occurrence is attributed to viral overload and the continuous suppression of host immune response as a consequence of anti-viral agents [12] . Accordingly, the mechanisms of HCV-associated pruritus are attributed to HCVinduced cholestasis and the induction of interferonstimulated genes (ISGs) as a result of viral overload [13] . The elevated production of cytokines (e.g., IL-8) and chemokines (e.g., CCL2, CXCL1 and CXCL5) during the course of cholestatic hepatitis C [14] [15] [16] [17] , is expected to be the main mediators for the induction of HCVassociated pruritus.
Cholestasis like features in patients with chronic HCV infection were first described by Poulson and Christoffersen [18] , Who found that the occurrence of pruritus in HCV patients is correlated with significant damage in small or medium sized bile ducts causing the formation of hepatic type lesions, which offer a favorable environment for virus propagation [19] . Bile duct lesions are recognized as a histopathological sign for chronic infection with viral hepatitis [20] . The formation of bile duct lesions is common among patients with chronic HCV infection; however, the pattern of their formation is progressive, and the mechanism is bile duct damage-independent [19] .
Although they share common features, histological examination reveals that the bile duct damage related to HCV infection is significantly different than damage related to the primary biliary cirrhosis (PBC) [21, 22] . To that end, both the occurrence and the outcome of HCV-associated cholestasis are expected to differ from those associated with PBC. Unlike inflammatory bile duct lesions, HCV-associated lesions are characterized by the appearance of specific-pathological features such as swelling, vacuolization, nuclear irregularity, and stratification of the epithelial cells [23] . The frequency of the bile duct lesions associated with chronic HCV infection is more significant than that lesions induced by chronic hepatitis B virus (HBV) infection [24] . Even the induction mechanisms of pruritus in HCV-infected patients developing cholestasis differ from those implicated in the regulation of pruritus in non-cholestatic HCV infected patients [25] . Of note, the most described HCV-associated cholestasis was reported in liver transplant recipients as a consequence of the viral overload [26] , however, chronic HCV infectionassociated pruritus has not yet been described in detail. Although most reported data support an association between HCV-induced cholestasis and the occurrence of pruritus [27] [28] [29] [30] , the mechanisms remain unknown. The investigation of the clinicodemographic and histological features of HCV-associated cholestasis may help to address the mechanistic role of chronic HCV infection in the development of pruritus.
Although the pruritogenic mediators and their receptors have been identified, there is no consensus regarding the mechanisms regulating the etiopathogenesis of pruritus. Apart from the suspected mediators and their origin, the onset of pruritus is closely associated with the development of intrahepatic cholestasis [31] . Although hepatic disorders such as chronic infection with viral hepatitis, primary biliary cirrhosis or primary sclerosing cholangitis are considered the main cause of intrahepatic cholestasis [32, 33] , the elevation of bile salts and μ-opioids levels in patients with intrahepatic cholestasis is largely associated with pruritus [34] . To date, the causative link between bile salts levels and severity of pruritus has not yet been investigated. However, pruritus in patients with chronic HCV infection is thought to be a consequences of HCVinduced cholestasis [35, 36] . The development of pruritus during the course of liver diseases is regulated by various pruritogenic mediators such as autotaxin (ATX) [37, 38] . Thus, in addition to its role in the synthesis of lysophosphatidic acid, ATX may play a role in the regulation of vascular and neural development, wound healing, neuropathic pain, and cancer development [39, 40] . Although the ATX-lysophosphatidic acid (LPA)-axis has been identified as a key mechanism in the development of chronic liver diseases, particularly those associated with pruritus, the source of serum ATX has not been determined. To that end, Ikeda et al [41] assumed that the elevated activity of ATX in patients' sera may be a consequence of HCV-induced chronic liver diseases. However, the contribution of ATX to the pathogenesis of hepatic fibrosis and the subsequent induction of pruritus suggests that ATX acts as a mediator in the modulation of HCV-induced liver damage leading, to the development of pruritus. The ATX protein is encoded by the ecto-nucleotide pyrophosphatase/phosphodiesterase 2 (ENPP2) gene, whose expression is regulated by the transcription factors v-Jun and signal transducer and activator of transcription 3 (STAT3) [42, 43] . The activation of STAT3 by HCV suggests an essential role for HCV-induced STAT3 activation in the regulation of ATX during HCV infection [44, 45] . ATX also is a lysophospholipase that mediates the formation of the bioactive lipid mediators such as LPA to form lysophosphatidylcholine (LPC) [46] . Of note, LPA has been suggested to be a highly potent signaling molecule that is involved in the regulation of various cellular functions via mechanism mediated by a family of G-protein-coupled receptors [47] . Thus, the ubiquitous and highly expressed level of LPA1 receptor on neurons is thought to play an essential role in the modulation of pruritus during chronic liver diseases including cholestasis and viral infection [48] . The role of LPA in the promotion of pruritus has been demonstrated by the development of dose-dependent scratch in response to the injection of mice with LPA [49] . LPA is a highly potent signaling molecule with the ability to trigger the activation of the transient receptor potential cation channel subfamily V member 1 (TrpV1), known as the capsaicin receptor [50] . The regulation of LPA by PI3k, protein kinase A (PKA) and C (PKC)-dependent mechanisms has been reported [51] . Activation of PI3k, PKA and PKC in response to HCV infection was noted both in vitro and in vivo [52] [53] [54] , suggesting a central role for PI3 kinase, PKA and PKC pathways in the regulation of HCV-associated pruritus. More importantly, the role of PKC in the modulation of phorbol ester-induced phosphorylation of LPA1 receptor suggests a contributing role for PKC in the modulation of HCV-associated pruritus [55] . Moreover, in addition to its role in the regulation of TRPV receptor, PI3k has been implicated in the regulation of ATX. Li et al [56] demonstrated the importance of the PI3K-AKTb-catenin pathway in the induction of ATX following the stimulation of THP-1 cells with lipopolysaccharides (LPS). In addition, the involvement of the mitogen activated protein kinase (MAPK) in the regulation of ATX has been established. The activation of c-Jun-Nterminal (JNK) and p38 MAPK has been shown to be essential for the induction of ATX [56] , and the activation of mitogen activated protein kinase (MAPK) signaling pathways in response to infection with HCV has been reported in several studies. These include the activation of c-jun-N-terminal kinase (JNK), p38 and extracellular regulated kinase (ERK) pathways [57, 58] . Similar to its role in modulation of cholesteric pruritus, the LPA-ATX -axis seems to be essential for the initiation and progression of pruritus in patients with chronic HCV infection [59] . Under pathological conditions elevated bile salts in patient's tissues and sera such as taurourosodeoxycholate (TUDCA), glycochenodeoxycholate are able to signal the activation of ATX-LPA signaling [34] , leading to the accumulation of LPA, which in turn can initiate or calcineurin inhibitors, particularly in patients with chronic pruritus [64] . These substances have been approved for their effects on cutaneous neurons, where they serve as suppressors for chronic pruritus [67, 68] . Substances like opioid receptor antagonists, anticonvulsants, selective serotonin re-uptake inhibitors and antidepressants have been recommended [69, 70] . Although therapeutic options of pruritus are available, the lack of well-conducted, randomized, controlled studies is an obstacle for the development of an effective and uniform treatment protocol. Cholestyramine is the most recommended first line therapy for pruritus [71] , while rifampicin, opiate antagonists and sertraline have been utilized as second-, third-, and fourth-line therapies, respectively [72, 73] . In addition to the poor prognosis of patients with pruritus, topical and systemic therapies can offer only short term relief and most are associated with complicated adverse effects, particularly, in patients with chronic HCV infection [3] . Although antiviral therapeutics have improved in recent years, the treatment of HCV patients is associated with a marked increase in dermatological adverse effects, particularly pruritus [74] . In addition, it is difficult to distinguish between treatment-and HCV-induced pruritus in terms of causality. Even the consequences of the interference of anti-viral therapy with HCV-induced extrahepatic manifestations are not predictable. Although the treatment of HCV patients with interferon is commonly associated with local and generalized dermatological side effects, including pruritus [75] , the combination of interferon with ribavirin increases the risk of pruritus occurrence [76, 77] . For example, the frequency of dermatological adverse effects including pruritus associated with HCV protease potentiate pruritus. The association between ATX-LAP and cholestatic pruritus was first reported by Kremer et al [34] who demonstrated that the intradermal injection of LPA induces itching response in mice. Thus, it is expected that the occurrence of HCV-associated pruritus is a consequence of HCV-induced cholestasis leading to the activation of the ATX-LPA signaling pathway. A proposed diagram is outlined in Figure 1 and describes the possible mechanisms that are thought to be involved in the modulation of HCV-associated pruritus.
THERAPEUTIC STRATEGIES OF HCV-ASSOCIATED PRURITUS
Pruritus is a common symptom that cannot be uniformly classified or quantified to date. As a consequence, its treatment, particularly, in patients with chronic liver disease is a challenge for clinicians and patients. Although there are similarity between pruritus occurrence in patients with cholestatic vs noncholestatic liver diseases, no uniformly treatment protocol has been established [60] . Current treatment strategies include topical therapies for mild and localized pruritus as well as systemic therapies for patients with severe or generalized pruritus [61, 62] . Based on the fact that histamine-dependent mechanisms are responsible for the occurrence of pruritus associated with urticaria, the clinical utilization of antihistamines has been suggested as a therapeutic option for prurigo nodularis or aqua genic pruritus [63] [64] [65] [66] . Thus, once the cause of pruritus has been identified, the implementation of the therapeutic modalities can be determined. The current guidelines suggest the application of topical substances such as capsaicin and inhibitors as combinatory part of the triple therapy regimen (telaprevir/boceprevir with peginterferon/ ribavirin), are higher than those associated with peg interferon/ribavirin regimen alone [78, 79] . Some possible therapeutic strategies for pruritus are shown in Figure 2 .
CONCLUSION
Both HCV infection and its treatment are associated with significant dermatological manifestations, particularly pruritus. In order to treat pruritus in patients with HCV infection an effective management strategy is needed to limit the severity of HCVassociated pruritus. The elevation of ATX in patients' sera may be the cause for the increase of LPA levels thought to be responsible for the simultaneous promotion of itching signaling and inhibition of the pain signaling. Thus, the investigation of the molecular mechanisms, essential for modulating the crosstalk between the activation of ATX-LPA receptor axis and the occurrence of pruritus during infection and treatment of HCV patients will drive the development of novel therapies for neglected symptoms of HCV including pruritus. Larger clinical studies will help to outline the efficacy of available anti-pruritic therapeutics. 
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